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OBJECTIVE — To investigate the associations of metabolic syndrome (MetS) and its compo- 
nents between adolescents and their parents in Korea. 

RESEARCH DESIGN AND METHODS— We analyzed data for 4,657 subjects (1,404 
fathers, 1,404 mothers, 957 sons, and 892 daughters) from the Korean National Health and 
Nutrition Examination Surveys conducted between 1998 and 2008. 

RESULTS — Compared with adolescents whose parents did not have MetS, the odds ratio (95% 
CI) for MetS in adolescents with MetS in one parent was 4.2 (2. 1-8.5) and 8.7 (3.4-22.3) in those 
with MetS in both parents. Among obese adolescents, the prevalence of MetS was 18.2% without 
parental MetS, whereas 29.2% of obese adolescents with MetS in one parent and 53.9% with 
MetS in both parents also had MetS (P = 0.01 for trend). 

CONCLUSIONS — The risk of MetS increased significantly in adolescents with parental MetS 
and was especially high in those with coexisting obesity and parental MetS. 



Metabolic syndrome (MetS) has 
been reported to be associated 
with the future development of 
type 2 diabetes and cardiovascular disease 
(CVD) in children (1) as well as in adults 
(2). Identifying children with a higher risk 
of developing MetS is very important be- 
cause early interventions, such as lifestyle 
modification, may reduce future cardio- 
vascular mortality (2). 

Parents influence their children both 
genetically and environmentally, and a 
significant familial aggregation of MetS 
has been reported among twins (3), sib- 
lings (4), and parents and offspring (5). 
However, studies that have directly mea- 
sured the components of MetS in large 
numbers of matching parent-children 
pairs are limited. 
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RESEARCH DESIGN AND 
METHODS— The data in this study 
came from the Korean National Health 
and Nutrition Examination Survey 
(KNHANES) conducted by the Korean 
Ministry of Health and Welfare between 
1998 and 2008. This study enrolled 
4,657 subjects (1,404 fathers, 1,404 
mothers, 957 sons, and 892 daughters; 
Supplementary Fig. 1). This study was 
approved by the Ministry of Health and 
Welfare, Korea. 

The adolescent subjects were classified 
as obese (BMI >95th percentile for age 
and sex), overweight (85-94th percentile), 
or nonobese (<85th percentile) using 
Korean BMI reference charts (6). The In- 
ternational Diabetes Federation criteria for 
MetS in children and adolescents were 



used to define MetS in the offspring (7,8). 
For parents, MetS was defined using a re- 
cently harmonized definition (9,10) (Sup- 
plementary Table 1). 

All statistical analyses were performed 
using SAS 9.2 software (SAS Institute, 
Cary, NC). A value of P < 0.05 was con- 
sidered significant. 

RESULTS — Baseline characteristics of 
the study population are summarized in 
Supplementary Table 2. The prevalence 
for central obesity (P < 0.0001), hyperten- 
sion (P < 0.0001), hypertriglyceridemia 
(P = 0.0270), low HDL cholesterol (P < 
0.0001), and hyperglycemia (P = 0.0008) 
in adolescents increased significantly 
with increasing number of parents with 
MetS. The prevalence of MetS was 1% 
in adolescents without parental MetS, 
4.1% in adolescents with one parent 
with MetS, and 8.2% in adolescents with 
MetS in both parents (P < 0.0001). 
The odds ratio (OR) for MetS was 4.2 
(95% CI 2.1-8.5) in adolescents with 
one parent with MetS and was 8.7 (3.4- 
22.3) in adolescents with MetS in both 
parents compared with that in those 
without parental MetS (Supplementary 
Table 3). 

Among obese offspring (n = 140), the 
prevalence of MetS was 18.2% without 
parental MetS, 29.2% with MetS in one 
parent, and 53.9% with MetS in both par- 
ents (P = 0.0112; Fig. 1). 

The prevalence of hypertension and 
hyperglycemia in nonobese offspring (n = 
1,520) increased significantly with the in- 
creasing number of parents with MetS 
(P = 0.0036 and P = 0.0001, respectively, 
after adjusting for age and BMI; Supple- 
mentary Table 4). The prevalence of hy- 
pertension, hypertriglyceridemia, low 
HDL cholesterol, and hyperglycemia in 
nonobese offspring increased signifi- 
cantly with increasing numbers of parents 
with an abnormality in each component 
(all P < 0.0001; Supplementary Table 5). 

Subgroup analysis of 359 families 
with two children showed strong associ- 
ation of MetS between parent-offspring 
(P = 0.0002) and sibling (P = 0.0279) 
pairs (Supplementary Table 6). 
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Parent-offspring association of MetS 




Figure 1 — Prevalence of MetS in offspring according to obesity and parental MetS. (A high-quality 
color representation of this figure is available in the online issue.) 



CONCLUSIONS— In this study, we 
found a strong parent-offspring associa- 
tion for MetS between Korean adolescents 
and their parents. The OR for MetS was 
8.7 in offspring with MetS in both parents 
compared with those without parental 
MetS. Furthermore, 53.9% of obese ado- 
lescents with MetS in both parents also 
had MetS, which is notable considering 
their age. 

Asians develop the adverse conse- 
quences of obesity at lower BMIs, and 
lower cutoffs are used to define obesity in 
Asian adults (11). Asian adolescents likely 
also develop the adverse effects of obesity 
at lower BMIs. However, as yet there is no 
consensus on using a different cutoff for 
Asian adolescents, and the standard per- 
centile was used in this study to define 
obesity. 

The Bogalusa Heart Study identified 
that childhood parental history of type 2 
diabetes, along with adiposity, glucose, 
and lipoprotein variables, were associated 
with an increased risk of diabetes in 
adulthood (12). MetS was already com- 
mon in obese adolescents without paren- 
tal MetS, but the prevalence of MetS 
increased greatly with the presence of pa- 
rental MetS in our study. 

In this study, MetS was rare in non- 
obese adolescents irrespective of parental 
metabolic status. This could have been 
partially due to the International Diabe- 
tes Federation criteria, the only official 
criteria available for adolescents until 
now, that mandates the presence of central 



obesity. Parental MetS may affect some 
components of MetS in lean children. 
Our subgroup analysis showed signifi- 
cant impact of parental MetS on hyper- 
tension and hyperglycemia in nonobese 
children. 

MetS is closely related to obesity, and it 
is likely that parental factors may increase 
MetS in offspring by increasing obesity. 
However, every component of MetS, except 
for central obesity, showed significant 
concordance between nonobese offspring 
and their parents in the current study, 
suggesting direct parent-offspring associ- 
ations of each metabolic component be- 
fore the development of obesity. 

The strong parent-offspring associa- 
tion could be due to hereditary or envi- 
ronmental factors. It is widely recognized 
that genetic and environmental factors 
both contribute to the development of 
MetS (13). Data from the Framingham 
Heart Study showed significant parent- 
child and sibling correlations for the 
components of MetS, suggesting genetic 
influences; significant spousal correla- 
tions were observed for BMI, suggesting 
environmental influences for obesity (14). 
The strong parent-offspring association 
of MetS in our study might be more re- 
lated to hereditary factors than environ- 
mental factors. Subgroup analysis that 
included families with two children 
showed strong association of MetS be- 
tween parent-offspring and sibling pairs, 
whereas there was no significant spousal 
association. 



According to the American Diabetes 
Association consensus statement, family 
history of type 2 diabetes is a component 
of the screening criteria for type 2 diabetes 
in adolescents (15). We suggest that family 
history of MetS should also be considered 
as one of the criteria for MetS screening in 
adolescents. 

Our study has some limitations: First, 
this was a cross-sectional study, so cau- 
sation could not be inferred. Second, it 
lacked correction for lifestyle factors. 
Nonetheless, this study has particular 
strengths, among them its use of data 
for a large, nationwide, adolescent study 
population, in which each component 
was directly measured between matching 
parent-offspring pairs. 

In conclusion, the risk of MetS in 
adolescents is highly associated with pa- 
rental MetS and increases further with 
coexisting obesity and parental MetS. 
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